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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to an apparatus 
for therapeutically treating injuries using ultrasound. 
More particularly, the present invention relates to an ap- 
paratus which utilizes an economically constructed ul- to 
trasonic transducer configured to cooperate with a 
placement module for placement in proximity to any part 
of the body for therapeutically treating reflex sympathet- 
ic dystrophy. 

15 

2. Description of the Related Art 

[0002] The use of ultrasound to therapeutically treat 
and evaluate bone injuries is known. Impinging ultrason- 
ic pulses having appropriate parameters, e.g., frequen- 
cy, pulse repetition, and amplitude, for suitable periods 
of time and at a proper external location adjacent to a 
bone injury has been determined to accelerate the nat- 
ural healing of, for example, bone breaks and fractures. 
[0003] U.S. Patent No. 4,530,360 to Duarte describes 
a basic non-invasive therapeutic technique and appara- 
tus for applying ultrasonic pulses from an operative sur- 
face placed on the skin at a location adjacent a bone 
injury. The applicator described in the Duarte patent has 
a plastic tube which serves a grip for the operator, an 
RF plug attached to the plastic tube for connection to an 
RF source, and internal cabling connected to an ultra- 
sonic transducer. To apply the ultrasound pulses during 
treatment an operator must manually hold the applicator 
in place until the treatment is complete. As a result, the 
patient is, in effect, immobilized during treatment. The 
longer the treatment period, the more the patient is in- 
convenienced. The Duarte patent as well as U.S. Patent 
No. 5,520,612 to Winder et al. describe ranges of RF 
signal for creating the ultrasound, ultrasound power 
density levels, ranges of duration for each ultrasonic 
pulse, and ranges of ultrasonic pulse frequencies. 
[0004] US patent No. 5,003,965 to Talish et al. relates 
to an ultrasonic body treatment system having a body- 
applicator unit connected to a remote control unit by 
sheathed fiber optic lines. The signal controlling the du- 
ration of ultrasonic pulses and the pulse repetition fre- 
quency are generated apart from the body-applicator 
unit. Tallsh et al. also describes a mounting fixture for 
attaching the body-applicator unit to a patient so that the 
operative surface is adjacent the skin location. 
[0005] Document US-A-5 556 372 discloses a kit as 
defined in the preamble of claim 1 and document US-A- 
5741317 discloses a kit as defined in the preamble of 
claim 8. 

[0006] While the systems described in these patents 
relate to therapeutic methods and apparatus for ultra- 
sonic treatment there is a need for economically con- 



figured signal generators and transducers which permit 
patient mobility during the treatment of reflex sympa- 
thetic dystrophy (RSD). Further, a need exists for an ap- 
paratus which optimises the treatment of RSD while 
maintaining patient mobility. 

[0007] RSD is a disease of the sympathetic nervous 
system, which is one of the components of the central 
nervous system. The sympathetic nervous system re- 
sponds to an injury by activating the pain receptors in 
the injured part of the body. These pain receptors are 
activated by signals sent by the sympathetic nervous 
system through neurotransmitters which transmit neural 
impulses from one neuron to another. This pain acts as 
a warning to the injured person that they have been hurt, 
and that they need to stop whatever they are doing in 
order to prevent further injury. RSD prolongs this normal 
sympathetic response to an injury by causing the sym- 
pathetic nervous system to continue to stimulate the 
pain receptors long after the injury has healed. Unless 
the RSD patient is successfully treated, the pain contin- 
ues unabated for the rest of his/her life. 
[0008] Several treatments for RSD include drug ther- 
apy; spinal blocks which are administered to the patient 
by injection into the spine; physical therapy; a transcu- 
taneous electrical nerve stimulator (TENS) that con- 
nects to the affected area via electrodes and creates 
electrical pulses that are supposed to interrupt the pain 
generation and create serotonin and stimulate the re- 
lease of endorphins; sympathectomy; and implantable 
devices, such as a peripheral nerve stimulator. 

SUMMARY OF THE INVENTION 

[0009] The ultrasonic treatment apparatus of the 
present invention may be used for therapeutically treat- 
ing reflex sympathetic dystrophy (RSD) using ultra- 
sound. The apparatus may include an economically 
constructed placement module configured for mounting 
at least one ultrasonic transducer assembly with an in- 
tegral signal generator which provides excitation signals 
to ultrasonic transducers within the transducer assem- 
bly. Timing control circuitry as well as monitoring circuit- 
ry for the proper attachment and operation of the trans- 
ducer assembly are housed within a portable main op- 
erating unit constructed to fit within a pouch worn by the 
patient. In operation, the placement module is posi- 
tioned against a part of the patient's body such that at 
least one transducer is positioned over pain receptors 
of the sympathetic nervous system. The placement 
module is preferably placed against the part of the pa- 
tient's body where it has been medically determined in- 
cludes pain receptors which are continuously being 
stimulated by the sympathetic nervous system long after 
the injury has healed. At least one transducer is then 
excited for a predetermined period of time to impinge 
ultrasonic waves against the pain receptors. A sensor 
is used for sensing stimulation of the pain receptors be- 
fore the at least one transducer is excited. 
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[0010] Accordingly, there is provided a kit suitable for 
ultrasonically treating reflex sympathetic dystrophy 
while maintaining patient mobility, which comprises: 

an ultrasonic transducer assembly having at least 
one ultrasonic transducer; 
a placement module configured to be worn by a pa- 
tient, said placement module being configured to re- 
ceive said transducer assembly such that when 
said placement module is worn, said at least one 
ultrasonic transducer is positioned in proximity to 
pain receptors of the sympathetic nervous system; 
an ultrasonic signal generator positioned in said ul- 
trasonic transducer assembly; 
a main operating unit; and 
a sensor coupled to said main operating unit for 
sensing stimulation of said pain receptors. 

[0011] . Preferably, the main operating unit has an in- 
ternal power source for powering the signal generator 
circuitry, a display coupled to the signal generator cir- 
cuitry to display treatment sequence data, a keypad 
coupled to the signal generator circuitry to permit user 
operation and/or entry of data. The signal generator cir- 
cuitry includes a processor, means for generating a 
pulsed control signal, and a switch coupled to the proc- 
essor for regulating the pulsed control signal. A commu- 
nication interface may be connected between a commu- 
nication port and the processor to provide a communi- 
cation link between the ultrasonic signal generator and 
an external computer or modem. Preferably, the com- 
munication interface is a serial communication inter- 
face, however, a parallel interface is also contemplated. 
An alarm is provided to indicate to the user that the treat- 
ment time has expired. The alarm is coupled to the proc- 
essor such that when ultrasonic treatment is completed 
the processor activates the alarm and terminates ultra- 
sound generation. 

[0012] The present invention also provides a kit for 
ultrasonically treating RSD while maintaining patient 
mobility. The kit includes an ultrasonic transducer as- 
sembly, a sensor for sensing the stimulation of the pain 
receptors, a placement module configured to be worn 
by a patient and to receive the ultrasonic transducer as- 
sembly, an integrated ultrasonic signal generator locat- 
ed in the ultrasonic transducer assembly, a main oper- 
ating unit (MOU) or controller and a pouch constructed 
to receive the MOU. Preferably, the MOU has an internal 
power source and is fitted within a pouch which is re- 
leasably secured to a patient during treatment thereby 
providing patient mobility. A MOU envisioned for use 
with the present invention is described in U.S. Patent 
No. 5,556,372 to Talish et al. 

[0013] The MOU is electrically coupled to at least one 
transducer secured to the placement module and at 
least one sensor. The signal generator corresponding 
to each transducer is activated when one or more of the 
sensors sense the pain receptors being stimulated by 



the sympathetic nervous system. The activation of a sig- 
nal generator excites at least one ultrasonic transducer 
for impinging ultrasonic waves to the pain receptors in 
the injured part of the body. 
5 [0014] The invention allows for ultrasonically treating 
RSD while maintaining patient mobility. Once the loca- 
tion of the pain receptors in the injured part of the body 
is ascertained, for example, by one or more of the sen- 
sors, a placement module containing an ultrasonic 
10 transducer assembly having at least one transducer and 
one signal generator is affixed to the injured part of the 
body such that at least one transducer is in proximity to 
the pain receptors for the treatment of RSD. 
[001 5] A series of transducers are attached to a place- 
is ment module and are controlled by a MOU, and there is 
a placement module for securing a plurality of transduc- 
ers thereto in a plurality of configurations. 
[0016] Further, the present invention also provides a 
strip having at least one ultrasonic transducer secured 
20 thereto for placement on the patient's body directly 
above the pain receptors for the treatment of RSD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0017] Preferred embodiments of the invention are 
described below with reference to the drawings, which 
are described as follows: 

FIG. 1 is a perspective view with parts separated of 
30 a first embodiment of a portable ultrasonic treat- 
ment apparatus according to the present invention, 
illustrating a main operating unit or controller and a 
placement module; 

FIG . 2 is a perspective view of a patient wearing the 

35 portable treatment apparatus of FIG. 1 ; 

FIG. 3 is a cross-sectional view along line 3-3 in 
FIG. 2 illustrating the transducer assembly imping- 
ing ultrasonic waves to pain receptors where a gel- 
like substance is positioned between the transducer 

40 assembly and the patients body; 

FIG. 4 is a block diagram of one embodiment of the 
circuitry for the ultrasonic transducer assembly; 
FIG. 4A is a block diagram of an alternative embod- 
iment of the circuitry for the ultrasonic transducer 

45 assembly; 

FIG. 5 Is a perspective view of a second embodi- 
ment of the portable ultrasonic treatment appara- 
tus, illustrating a main operating unit or controller 
and a placement module having a series of trans- 

50 ducers; 

FIG. 6 is a perspective view of a patient wearing the 
portable treatment apparatus of FIG. 5; 
FIG. 7 is a cross-sectional view of the patient wear- 
ing the portable treatment apparatus of FIG . 5 taken 

55 along line 7-7 in FIG. 6; 

FIG. 8 is a perspective view of a patient wearing a 
portable treatment apparatus of a third embodiment 
configured for mounting a plurality of transducers in 



3 



5 



EP1 180 056 B1 



6 



a plurality of configurations in proximity to pain re- 
ceptors in the injured part of the body; 
FIG. 9 is a perspective view of a placement module 
of the embodiment of FIG. 8 being placed on a pa- 
tient; 

FIG. 10 is a cross-sectional view along line 10-10 
of FIG. 8; 

FIG. 1 1 is a perspective view of a portable treatment 
apparatus of a fourth embodiment configured for 
treating RSD; 

FIG. 12 is a perspective view of a patient wearing 
the portable treatment apparatus of FIG. 11 ; 
FIG. 13 is a cross-sectional view taken along line 
13-13 in FIG. 12; 

FIG. 14 is a perspective view of a portable treatment 
apparatus of a fifth embodiment configured for 
treating RSD; 

FIG. 15 is a perspective view of a patient wearing 
the portable treatment apparatus of FIG. 14; 
FIG, 1 6 is a perspective view of a portable treatment 
apparatus of a sixth embodiment configured for 
treating RSD; 

FIG. 17 is a perspective view of a patient wearing 
the portable treatment apparatus of FIG. 16; 
FIG. 1 8 is a perspective view of a treatment appa- 
ratus of a seventh embodiment configured for treat- 
ing RSD; 

FIG. 1 9 is a perspective view of a patient using the 
treatment apparatus of FIG. 18; 
FIG. 20 is a cross-sectional view of a patient using 
the treatment apparatus of FIG. 18; 
FIG. 21 is a perspective, partial cut-away view of a 
treatment apparatus of an eighth embodiment con- 
figured for treating RSD; 

FIG. 22 is a cross-sectional view of a patient using 
the treatment apparatus of FIG. 21 ; 
FIG. 23 Is a perspective view of a treatment appa- 
ratus of a ninth embodiment configured for treating 
RSD; 

FIG. 24 is a perspective view of a patient using the 
treatment apparatus of FIG. 23; and 
FIG. 25 is a perspective view of a treatment appa- 
ratus of a tenth embodiment configured for treating 
RSD. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The ultrasonic treatment apparatus of the 
present invention is used for the surgically non-invasive 
utilization of ultra high-frequency acoustic energy in the 
treatment of reflex sympathetic dystrophy (RSD). Even 
though this detailed description discusses the treatment 
of RSD following an injury, the ultrasound treatment ap- 
paratus can be used to treat RSD caused by other 
means, such as surgery, medication, or an infection. 
The treatment of other musculoskeletal injuries includ- 
ing cranial and venous ulcers are also contemplated 



with the present invention. 

[0019] The apparatus includes an economically con- 
structed placement module having a strap or other fas- 
tening means for being secured to an injured part of a 

5 patient's body. At least one ultrasonic transducer as- 
sembly partially fabricated with a conductive plastic ma- 
terial is attached or imbedded within the placement 
module and properly positioned in proximity to the pain 
receptors in the injured part of the body. Different types 

10 of ultrasonic transducers and signals can be provided, 
such as those described and schematically depicted in 
U.S. Patent No. 5,520,612 to Winder et al. Particularly, 
the transducers and arrangements schematically de- 
picted by Figs. 7-11 of the patent in which at least one 

15 transducer is used to provide acoustic energy to the site 
of the injury. The apparatus also utilizes a portable, er- 
gonomically constructed main operating unit (MOU) 
which is constructed to fit within a pouch worn by the 
patient using belt and shoulder strap and provides con- 

20 trol signals to the ultrasonic transducers. The MOU 
which is utilized is preferably the one described in U.S. 
Patent No. 5,556,372 to Talish et al. 
[0020] Turning to the figures, in particular FIG. 1 , one 
embodiment of the portable ultrasonic treatment appa- 

25 ratus 1 0 of the present invention is shown. The ultrason- 
ic treatment apparatus 10 includes a MOU 12, a place- 
ment module 14, an ultrasonic transducer assembly 16, 
and a pouch 18 for releasably securing the MOU 12 to 
the patient during treatment for providing patient mobil- 

30 ity. The placement module 1 4 is comprised of placement 
bands 20 and placement support 22. The placement 
support 22 includes a pocket 24 adapted for placement 
of the ultrasonic transducer assembly 16 therein. The 
placement support 22 further includes a body rest 26 

35 having slots 30 for connecting the placement support 22 
to the placement bands 20. A sponge-like material 34 
lines the inner surface of the placement support 22 for 
providing comfort to the patient. The placement support 
22 may be construed of hard plastics which may be cus- 

40 torn molded for a particular patient. 

[0021] The transducer assembly 1 6 includes circuitry, 
schematically illustrated by Figs. 4 and 4A and de- 
scribed below, for exciting at least one transducer there- 
in and is coupled to the MOU by cable 36. The cable 36 

45 is preferably a multiconductor cable capable of transmit- 
ting relatively low frequency RF or optical signals, as 
well as digital signals. The cable 36 may include coaxial 
cable or other types of suitable shielded cable. Alterna- 
tively, the cable 36 may include fiber optic cable for 

so transmitting optical signals. The signals may be trans- 
mitted continuously or as a series of pulses. 
[0022] In operation, the placement module 14 is po- 
sitioned and secured to the patient's body as shown by 
FIG. 2, such that the transducer assembly 16 lies over 

55 the pain receptors of the sympathetic nervous system 
in the injured part of the body. A locating ring such as 
the one disclosed in US-A-5 556 372 may be used for 
determining the location of injured bone in the case of 
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a bone injury before the placement module 14 Is se- 
cured to the patient. Once the placement module 14 is 
properly positioned, the transducer within the transduc- 
er assembly 1 6 is excited for a pre-determined amount 
of time. A gel-tike substance 38 may be positioned be- 5 
tween the transducer assembly 16 and the injured part 
of the patient's body to prevent attenuation of the ultra- 
sonic waves as they travel to the pain receptors 40, as 
shown by FIG. 3. 

[0023] With reference to FIG. 4, a block diagram of 
one embodiment of the ultrasonic transducer assembly 
circuitry is shown. The transducer assembly circuitry 1 7 
includes a receiver 50 which receives the signals trans- 
ferred by a signal generator within MOU 12 via cable 36. 
Receiver 50 is connected to transducer driver 52 which 
excites transducer 54. 

[0024] An alternative embodiment of the transducer 
assembly circuitry 17 is shown in FIG. 4A. In this em- 
bodiment, the ultrasonic transducer assembly 16 in- 
cludes an internal battery 60 which supplies power to 
the components within the transducer assembly 16. For 
example, battery 60 supplies power to signal monitoring 
circuit 62 and signal driver 66. The signal monitoring cir- 
cuit 62 provides, preferably, a digital output signal 68 
which represents the waveform characteristics of the 
output of transducer driver 70. These characteristics 
can be displayed on a digital display and may include, 
for example, the frequency, pulse repetition frequency, 
the pulse width and the average output power of the 
transducer 54. The output signal 68 of signal monitoring 
circuit 62 is transferred to the signal generator within 
MOU 1 2 via driver 66 and cable 36. The signal generator 
may include a processor and a switch for regulating the 
signal characteristics. Control signals from the MOU 12 
are received by receiver 72 via cable 36. Safety or fixture 
interlock 74, which may include switches on the outer 
surface of the placement module 14 or transducer as- 
sembly 16, ensures that the placement module 14 is 
properly positioned before providing power to the inter- 
nal components of the transducer assembly 1 6. 
[0025] A second embodiment of the portable ultrason- 
ic treatment apparatus of the present invention is illus- 
trated by Figs. 5-7 and designated generally by numeral 
200. The treatment apparatus 200 includes MOU 12, 
pouch 18, and a series of transducer assemblies 206 
on a placement module 208. At least one sensor 209 is 
also included and coupled to MOU 12 for sensing the 
stimulation of the pain receptors by the sympathetic 
nervous system. 

[0026] The transducer assemblies 206 can be placed 
within pockets 210 of the placement module 208 such 
that they lie over the pain receptors at the injury site. 
Each transducer assembly 206 includes a power trans- 
ducer 212 connected to the MOU via wires 214 and ca- 
ble 21 8. A gel-like substance 204 may be positioned be- 
tween the transducer assemblies 206 and the Injured 
part of the patient's body to prevent attenuation of the 
ultrasonic waves as they travel to the pain receptors 



21 6, as shown by FIG. 7. The circuitry 1 7 for each trans- 
ducer assembly may be similar to that disclosed for the 
first and second embodiments and schematically illus- 
trated by Figs. 4 and 4A. 

[0027] In operation, the placement module 208 is po- 
sitioned and firmly secured to the patient's body as 
shown by Figs. 6 and 7, such that the transducer as- 
semblies 206 and at least one sensor 209 lie over the 
pain receptors in the injured part of the body. Once the 
placement module 208 is properly positioned the trans- 
ducers within the transducer assemblies 206 are excited 
for a pre-determined period of time afterthe at least one 
sensor 209 has sensed the stimulation of the pain re- 
ceptors by the sympathetic nervous system. The sensor 
209 may provide a signal to the MOU 1 2 once the sensor 

209 no longer senses the stimulation of the pain recep- 
tors to disenable the transducer assemblies 206. 
[0028] It is envisioned that the placement module 208 
be constructed from suitable conductive plastics, such 
as conductive ABS plastics with either carbon, stainless 
steel , nickel or aluminum fibers to forego the use of wires 

210 for connecting the transducer assemblies 206 to 
each other. In such an embodiment, the conductive 
placement module 208 would be used to electrically 
connect the transducer assemblies 206 to each other. 
[0029] With reference to Figs. 8-10, a third embodi- 
ment of the portable ultrasonic treatment apparatus of 
the present invention is illustrated. In this embodiment, 
the treatment apparatus 300 includes a MOU 302, a 
placement module 304, ultrasonic transducer assem- 
blies 306, and a pouch 308 for providing patient mobility 
during treatment. The placement module 304 is com- 
prised of a placement band 310 and a placement sup- 
port 312 having half-sections 312a and 312b. The un- 
der-side of each half-section 312a and 312b includes 
pockets 314 for placement of transducer assemblies 
306 therein. The transducer assemblies 306 may be ar- 
ranged in a plurality of configurations within pockets 314 
such that they lie over the injured part of the body. Each 
transducer assembly 306 is connected to the MOU 302 
via wires 31 6 and cable 31 8 to power transducer assem- 
bly circuitry 1 7 within each assembly 306. The circuitry 
1 7 may be similar to that disclosed for the first and sec- 
ond embodiments and schematically illustrated by Figs. 
4 and 4A. 

[0030] In operation, transducers within transducer as- 
semblies 306 are excited for a pre-determined period of 
time to impinge ultrasonic waves to the pain receptors 
in the injured part of the body as shown by FIG. 10. 
[0031] A fourth embodiment of the portable ultrasonic 
treatment apparatus of the present invention which is 
primarily suitable for the treatment of RSD is illustrated 
by Figs. 11-13. In this embodiment, the apparatus 400 
includes at least one ultrasonic transducer assembly 
402 positioned on a conductive strip 404. The strip 404 
is secured to a placement band 405 which is fitted 
against the injured part of the patient's body 406. The 
conductive strip 404 is connected via a cable 408 to a 
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MOU 41 0 which contains circuitry for exciting ultrasonic 
transducer assembly 402 affixed to the conductive strip 
404. The conductive strip 404 is preferably constructed 
from suitable conductive plastics such as conductive 
ABS plastics with either carbon, stainless steel, nickel 
or aluminum fibers to forego the use of wires for electri- 
cally connecting more than one ultrasonic transducer to 
the conductive strip 404. 

[0032] In operation, the transducer assembly 402 is 
excited to impinge ultrasonic waves to the pain recep- 
tors in the injured part of the body as shown by FIG. 1 3. 
It is contemplated that during treatment a gel-like sub- 
stance is positioned between the transducer assembly 
402 and the patient's body to prevent attenuation of the 
ultrasonic waves. 

[0033] A fifth embodiment of the portable ultrasonic 
treatment apparatus of the present invention which is 
primarily suitable for the treatment of RSD is illustrated 
by Figs, 14 and 15. In this embodiment, the apparatus 
500 includes at least one ultrasonic transducer assem- 
bly 502 positioned on an inner surface of a first support 
504 and a second support 506 having straps 507 for 
strapping the supports 504, 506 to an appendage, such 
as an arm. A gel-lined tubular muff 508 is also included 
for being worn by the patient prior to strapping the two 
supports 504, 506 as shown by FIG. 15. The at least 
one ultrasonic transducer assembly 502 is connected 
via a cable 510 to a MOU 512 which contains circuitry 
for exciting ultrasonic transducer assembly 502. 
[0034] In operation, the transducer assembly 502 is 
excited to impinge ultrasonic waves to the pain recep- 
tors in the injured part of the body. The gel-lined surface 
of the tubular muff 508 prevents the attenuation of the 
ultrasonic waves. 

[0035] A sixth embodiment of the portable ultrasonic 
treatment apparatus of the present invention which is 
primarily suitable for the treatment of RSD is illustrated 
by Figs. 16 and 17. In this embodiment, the apparatus 
550 includes at least one ultrasonic transducer assem- 
bly 552 positioned on an inner surface of an outer sup- 
port layer 554. The outer support layer 554 wraps 
around a gel-lined tubular muff 556 and is affixed thereto 
by an elongated strap 558. The gel-lined tubular muff 
556 is worn by the patient prior to strapping the outer 
support layer 554 to securely tighten the support layer 
554 overthe muff 556, as shown by FIG. 17. The at least 
one ultrasonic transducer assembly 552 is connected 
via a cable 560 to a MOU 562 which contains circuitry 
for exciting ultrasonic transducer assembly 552. 
[0036] In operation, the transducer assembly 552 is 
excited to impinge ultrasonic waves to the pain recep- 
tors in the injured part of the body. The gel-lined surface 
of the tubular muff 556 prevents the attenuation of the 
ultrasonic waves. 

[0037] A seventh embodiment of the portable ultra- 
sonic treatment apparatus of the present invention 
which is primarily suitable for the treatment of RSD is 
illustrated by Figs. 1 8-20. In this embodiment, the appa- 



ratus 600 includes at least one ultrasonic transducer as- 
sembly 602 positioned on an inner surface of a cylindri- 
cal support 604 having a closed end 606 and an open 
end 608. A bag 610 lines the inner perimeter of the sup- 

5 port 604 and is filled with gel 612. The at least one ul- 
trasonic transducer assembly 602 is connected via a ca- 
ble 614 to a MOU 616 which contains circuitry for excit- 
ing ultrasonic transducer assembly 602. 
[0038] In operation, the patient places their hand with- 

10 in the cylindrical support 604, as shown by FIG. 1 9, and 
activates the MOU 616 to excite transducer assembly 
602 to impinge ultrasonic waves to the pain receptors 
in the injured part of the body, as shown by FIG. 20. The 
gel 612 within the bag 610 prevents the attenuation of 
the ultrasonic waves. 

[0039] An eighth embodiment of the portable ultra- 
sonic treatment apparatus of the present invention 
which is primarily suitable for the treatment of RSD is 
illustrated by Figs. 21 and 22. In this embodiment, the 

20 apparatus 700 includes at least one ultrasonic transduc- 
er assembly 702 positioned on an inner surface of afoot- 
shaped support 704 having a closed end 706 and an 
open end 708. A bag 710 lines the inner perimeter of 
the support 704 and is filled with gel 712. The at least 

25 one ultrasonic transducer assembly 702 is connected 
via a cable 714 to a MOU 716 which contains circuitry 
for exciting ultrasonic transducer assembly 702. 
[0040] In operation, the patient places their foot within 
the foot-shaped support 704 and activates the MOU 71 6 

30 to excite transducer assembly 702 to impinge ultrasonic 
waves to the pain receptors in the injured part of the 
body, as shown by FIG. 22. The gel 712 within the bag 
710 prevents the attenuation of the ultrasonic waves. 
[0041] A ninth embodiment of the portable ultrasonic 

35 treatment apparatus of the present invention which is 
primarily suitable for the treatment of RSD is illustrated 
by Figs. 23 and 24. In this embodiment, the apparatus 
800 includes at least one ultrasonic transducer assem- 
bly 802 positioned on an inner surface of a circular-disc 

*o support or basin 804. A ring-shaped bag 806 filled with 
a gel is dimensioned to rest on top of the support 804. 
The at least one ultrasonic transducer assembly 802 is 
connected via a cable 808 to a MOU 81 0 which contains 
circuitry for exciting ultrasonic transducer assembly 

45 802. 

[0042] In operation, the patient sits on the ring- 
shaped bag 806 and activates the MOU 810 to excite 
transducer assembly 802 to impinge ultrasonic waves 
to the pain receptors in the injured part of the body, as 

50 shown by FIG. 24. The bag 806 provides comfort to the 
patient and the gel within the bag 806 prevents the at- 
tenuation of the ultrasonic waves. 
[0043] A tenth embodiment of the ultrasonic treatment 
apparatus of the present invention which is primarily 

55 suitable for the treatment of RSD is illustrated by FIG. 
25. In this embodiment, the apparatus 900 includes a 
plurality of ultrasonic transducer assemblies 902 posi- 
tioned along the perimeter of a treatment basin 904. The 
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treatment basin 904 is filled with a liquid, preferably wa- 
ter, to prevent the attenuation of the ultrasonic waves 
emitted by the plurality of ultrasonic transducer assem- 
blies 902 during treatment. The ultrasonic transducer 
assemblies 902 are connected via wires 906 to an op- 
erating unit 908 which contains circuitry for exciting the 
ultrasonic transducer assemblies 902. 
[0044] In operation, the patient places the injured part 
of the body within the treatment basin 904, as shown by 
FIG.25. The transducer assemblies 902 are then excit- 
ed to impinge ultrasonic waves to the pain receptors in 
the injured part of the body. A sensor is used for sensing 
stimulation of the pain receptors before the ultrasonic 
transducer assemblies 902 are excited. 
[0045] It will be understood that various modifications 
can be made to the various embodiments of the present 
invention herein disclosed without departing from its 
scope. For example, various shapes of the pouch and 
signal generator are contemplated, as well as various 
types of construction materials. Also, various modifica- 
tions may be made in the structural configuration of the 
placement module and the configuration of the compo- 
nents used to excite the ultrasonic transducer. A sensor 
is used with all the embodiments described herein for 
sensing the stimulation of the pain receptors as accord- 
ing to the present invention. Therefore, the above de- 
scription should not be construed as limiting the inven- 
tion but merely as presenting preferred embodiments of 
the invention. Those skilled in the art will envision other 
modifications within the scope of the present invention 
as defined by the claims presented below. 



Claims 

1. A kit (10) for ultrasonically treating reflex sympa- 
thetic dystrophy while maintaining patient mobility, 
which comprises: 

an ultrasonic transducer assembly (16) having 
at least one ultrasonic transducer (212); 

a placement module (14) configured to be worn 
by a patient, said placement module (14) being 
configured to receive said transducer assembly 
(16) such that when said placement module 
(14) is worn said at least one ultrasonic trans- 
ducer (212) is positioned in proximity to pain re- 
ceptors of the sympathetic nervous system; 

an ultrasonic signal generator positioned in 
said ultrasonic transducer assembly (16); 

a main operating unit (12); and characterised 
by 

a sensor coupled to said main operating unit 
(12) for sensing stimulation of said pain recep- 



tors. 

2. The kit (10) according to claim 1, wherein said ul- 
trasonic signal generator includes signal generator 

5 circuitry (1 7) and an internal power source (60) con- 
nected to said signal generator circuitry (17), and 
said signal generator circuitry (17) including a proc- 
essor and means for generating a pulsed RF signal 
(68). 

10 

3. The kit (1 0) according to claim 2, wherein said sig- 
nal generator circuitry (17) is coupled to a display 
for displaying treatment sequence data. 

is 4. The kit (10) according to claim 1, further comprising 
safety interlock means to prevent inadvertent exci- 
tation of said at least one ultrasonic transducer 
(212). 

20 5. The kit (1 0) according to claim 1 , wherein said main 
operating unit (12) is positioned within a pouch worn 
by the patient to permit portable operation thereof. 

6. The kit (1 0) according to claim 1 , wherein the place- 
ts ment module (1 4) is constructed from a conductive 

material and said at least one ultrasonic transducer 
(212) is provided on said placement module (14) is 
electrically coupled to said main operating unit (1 2) 
via said conductive material. 

30 

7. The kit (10) according to claim 1 , wherein the place- 
ment module (14) is custom moldable for a partic- 
ular patient. 

35 8. A kit (1 0) for ultrasonically treating reflex sympa- 
thetic dystrophy while maintaining patient mobility, 
which comprises: 

a plurality of ultrasonic transducer (16) assem- 
40 blies each having an ultrasonic transducer 

(212); 

a treatment basin configured for placement of 
an injured part of a patienf s body therein, said 

45 treatment basin being configured to receive 

said plurality of ultrasonic transducer assem- 
blies (16) such that when said injured part is 
placed within the treatment basin said ultrason- 
ic transducers (212) are positioned in proximity 

50 to pain receptors of the sympathetic nervous 

system; 

an ultrasonic signal generator positioned in 
each of said ultrasonic transducer assemblies 
« (16); 

a main operating unit (12); and characterised 
by 
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a sensor coupled to said main operating unit 
(12) for sensing stimulation of said pain recep- 
tors. 

9. The kit (10) according to claim 8, wherein said ul- 
trasonic signal generator includes signal generator 
circuitry and an internal power source (60) connect- 
ed to said signal generator circuitry (17), and said 
signal generator circuitry (1 7) including a processor 
and means for generating a pulsed RF signal (68). 

1 0. The kit ( 1 0) according to claim 8, wherein said treat- 
ment basin is filled with water to minimize the atten- 
uation of ultrasonic waves emitted by said plurality 
of ultrasonic transducer assemblies (16). 

1 1 . The kit (10) according to claim 8, wherein said treat- 
ment basin is overlaid with a cushion to provide 
comfort for the patient. 

12. The kit (10) according to claim 11, wherein said 
cushion is filled with a gel-like substance to prevent 
the attenuation of ultrasonic waves emitted by said 
plurality of ultrasonic transducer assemblies. 



PatentansprUche 

1. Eine Ausstattung (10) zur Ultraschallbehandlung 
von Sudeck'-Dystrophie, wahrend die Mobilitat des 
Patienten erhaften bleibt, die Folgendes beinhaltet: 

eine Ultraschallwandleranordnung (16), die 
. mindestens einen Ultraschallwandler (212) 
aufweist; 

ein Platzierungsmodul (14), das zum Tragen 
durch einen Patienten konfiguriert ist, wobei 
das Platzierungsmodul (14) konfiguriert ist, urn 
die Wandieranordnung (16) aufzunehmen, so 
dass der mindestens eine Ultraschallwandler 
(212) in der Nahe von Schmerzrezeptoren des 
sympathischen Nervensystems positioniert ist, 
wenn das Platzierungsmodul (14) getragen 
wird; 

einen Ultraschallsignalgenerator, der in der Ul- 
traschallwandleranordnung (16) positioniert ist; 

eine Hauptbedienungseinheit (12); und ge- 
kennzeichnet durch 

einen Messfuhler, der mit der Hauptbedie- 
nungseinheit (12) gekoppeft ist, um die Stimu- 
lation der Schmerzrezeptoren abzufuhlen. 

2. Ausstattung (1 0) gemaB Anspruch 1 , wobei der Ul- 
traschallsignalgenerator eine Signalgenerator- 



schaltung (17) und eine interne Stromquelle (60), 
die mit der Stgnalgeneratorschaltung (17) verbun- 
den ist, umfasst, und wobei die Signalgenerator- 
schaltung (17) einen Prozessor und ein Mittel zur 
5 Erzeugung eines gepulsten RF-Signals (68) um- 
fasst. 

3. Ausstattung (1 0) gemaB Anspruch 2, wobei die Si- 
gnalgeneratorschaltung (1 7) mit einer Anzeige zum 

10 Anzeigen von Behandlungssequenzdaten gekop- 
pelt ist. 

4. Ausstattung (1 0) gemaB Anspruch 1 , die ferner ein 
Mittel zur SicherheitsverriegeJung beinhaltet, um 

is die unbeabsichtigte Anregung des mindestens ei- 
nen Ultraschallwandlers (212) zu verhindern. 

5. Ausstattung (10) gemaB Anspruch 1, wobei die 
Hauptbedienungseinheit (1 2) in einem von dem Pa- 

20 tienten getragenen Beutel positioniert ist, um deren 
tragbare Bedienung zu ermdglichen. 

6. Ausstattung (10) gemaB Anspruch 1, wobei das 
Platzierungsmodul (14) aus einem leitfahigen Ma- 

25 terial konstruiert ist und der mindestens eine Ultra- 
schallwandler (212) auf dem Platzierungsmodul 
(14) bereitgestellt ist und elektronisch mit der 
Hauptbedienungseinheit (12) iiber das leitfahige 
Material gekoppeft ist. 

30 

7. Ausstattung (10) gemaB Anspruch 1, wobei das 
Platzierungsmodul (14) fur einen bestimmten Pati- 
enten kundenspezifisch formbar ist. 

35 8. Ausstattung (10) zur Ultraschallbehandlung von 
Sudeck'-Dystrophie, wahrend die Mobilitat des Pa- 
tienten erhalten bleibt, die Folgendes beinhaltet: 

eine Vielzah! von Ultraschallwandleranordnun- 
40 gen (16), die jeweils einen Ultraschallwandler 

(212) aufweisen; 

ein Behandlungsbecken, das fur die Piatzie- 
rung eines verletzten Korperteils eines Patien- 

45 ten in diesem konfiguriert ist, wobei das Be- 

handlungsbecken konfiguriert ist, um die Viel- 
zahl von Ultraschallwandleranordnungen (16) 
aufzunehmen, so dass die Ultraschallwandler 
(212) in der Nahe von Schmerzrezeptoren des 

50 sympathischen Nervensystems positioniert 

sind, wenn derverletzteTeil innerhalb des Be- 
handlungsbeckens platziert ist; 

einen Ultraschallsignalgenerator, der in jeder 
55 der Ultraschallwandleranordnungen (16) posi- 

tioniert ist; 

eine Hauptbedienungseinheit (12); und ge- 
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kennzelchnet durch 

einen Messfuhler, der mit der Hauptbedie- 
nungseinheit (12) gekoppelt ist, um die Stimu- 
lation der Schmerzrezeptoren abzufuhlen. 

9. Ausstattung (1 0) gemaB Anspruch 8, wobei der Ul- 
traschallsignalgenerator eine Signalgenerator- 
schaltung und eine interne Stromquelle (60), die mit 
der Slgnalgeneratorschaltung (17) verbunden ist, 
umfasst, und wobei die Signalgeneratorschaltung 
(17) einen Prozessor und ein Mittel zur Erzeugung 
eines gepulsten RF-Signals (68) umfasst. 

1 0. Ausstattung (1 0) gemaB Anspruch 8, wobei das Be- 
handlu.ngsbecken mit Wasser gefulit ist, um die 
D&mpfung der Uitraschallwellen, die von der Viel- 
zahl von Ultraschallwandleranordnungen (1 6) emlt- 
tiert werden, zu minlmieren. 

1 1 . Ausstattung (10) gemaB Anspruch 8, wobei das Be- 
handlungsbecken zur Bequemlichkeit des Patien- 
ten mit einem Polster uberzogen ist. 

12. Ausstattung (10) gemaB Anspruch 11, wobei das 
Polster mit einer gelartigen Substanz gefulit ist, um 
die Dampfung der Uitraschallwellen, die von der 
Vielzahl von Ultraschallwandleranordnungen emit- 
tiert werden, zu verhindern. 



Revendications 

1. Un kit (10) pour traiter par ultrasons la dystrophie 
sympathique reflexe tout en conservant la mobility 
du patient, lequel comporte : 

un assemblage de transducteurs ultrasonores 
(1 6) ayant au moins un transducteur ultraso no- 
re (212); 

un module de positionnement (14) configure 
pour etre porte par un patient, ledit module de 
positionnement (14) etant configur6 pour rece- 
voir ledit assemblage de transducteurs (1 6) de 
sorte que, lorsque ledit module de positionne- 
ment (14) est porte, cedit transducteur ultraso- 
nore au moins (212) est place a proximite de 
recepteurs de douleur du systeme nerveux 
sympathique ; 

un generateur de signaux ultrasonores place 
dans ledit assemblage de transducteurs ultra- 
sonores (16) ; 

une unite de commande principale (12) ; et ca- 
racterise par 



un capteur couple a ladite unite de commande 
principale (12) destine a capter la stimulation 
desdits recepteurs de douleur. 

s 2. Le kit (10)selon la revendication 1 , dans lequel ledit 
generateur de signaux ultrasonores comprend la 
circuiterie de generateur de signaux (17) et une 
source d'energie interne (60) connectee a ladite cir- 
cuiterie de generateur de signaux (1 7), et ladite cir- 

10 cuiterie de generateur de signaux (1 7) comprenant 
un processeur et un moyen pour generer une im- 
pulsion radioeiectrique (68). 

3. Le kit (10) selon la revendication 2, dans lequel la- 
's dite circuiterie de generateur de signaux (17) est 

couplee a un afficheur pour afficher des donnees 
de sequence de traitement. 

4. Le kit (1 0) selon la revendication 1 , comportant de 
20 plus un moyen de verrouillage de securite pour em- 

pecher ('excitation invoiontaire de cedit transduc- 
teur ultrasonore au moins (212). 

5. Le kit (10) selon la revendication 1 , dans lequel la- 
25 dite unite fonctionnelle principale (12) est placee a 

I'interieurd'un sac porte par le patient pour permet- 
tre le fonctionnement portable de celui-ci. 

6. Le kit (10) selon la revendication 1, dans lequel le 
30 module de positionnement (14) est construit a partir 

d'un materiau conducteur et cedit transducteur ul- 
trasonore au moins (212) est prevu sur ledit module 
de positionnement (14) est couple eiectriquement 
a ladite unite de commande principale (12) par le 
35 biais dudit materiau conducteur. 

7. Le kit (10) selon la revendication 1, dans lequel le 
module de positionnement (14) peut etre moule sur 
mesure pour un patient particulier. 

40 

8. Un kit (10) pour traiter par ultrasons la dystrophie 
sympathique reflexe tout en conservant la mobilite 
du patient, lequel comporte : 

45 une pluralite d'assemblages de transducteurs 

ultrasonores (16) ayant chacun un transduc- 
teur ultrasonore (212) ; 

un bac de traitement configure pour le position- 
50 nement dans celui-ci d'une partie blessee du 

corps d'un patient, ledit bac de traitement etant 
configure pour recevoir ladite pluralite d'as- 
semblages de transducteurs ultrasonores (16) 
de sorte que, lorsque ladite partie blessee est 
55 placee a Tinterieur du bac de traitement, lesdits 

transducteurs ultrasonores (212) sont places a 
proximite de r6cepteurs de douleur du systeme 
nerveux sympathique ; 
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un generateur de signaux ultrasonores place 
dans chacun desdits assemblages de trans- 
ducteurs ultrasonores (16) ; 

une unite de commande principale (1 2) ; et ca- 5 
racterise par 

un capteur couple a ladite unite de commande 
principale (12) destine a capter la stimulation 
desdits recepteurs de douleur. w 

9. Le kit (1 0) selon la revendication 8, dans lequel iedit 
generateur de signaux ultrasonores comprend une 
circuiterie de generateur de signaux et une source 
d'energie interne (60) connect6e a ladite circuiterie is 
de generateur de signaux (17), et ladite circuiterie 

de generateur de signaux (17) comprenant un pro- 
cesses et un moyen pour generer une impulsion 
radioelectrique (68). 

20 

10. Le kit (10) selon la revendication 8, dans lequel Iedit 
bac de traitement est rempli d'eau pour minimiser 
Pattenuation d'ondes ultrasonores emises par ladite 
pluralite d'assemblages de transducteurs ultraso- 
nores (16). & 

11. Le kit (10) selon la revendication 8, dans lequel Iedit 
bac de traitement est revetu d'un coussin pour le 
contort du patient. 

30 

12. Le kit (10) selon la revendication 11, dans lequel 
Iedit coussin est rempli d'une substance semblable 
a un gel pour empecher ['attenuation d'ondes ultra- 
sonores emises par ladite pluralite d'assemblages 

de transducteurs ultrasonores. 35 
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